INTRODUCTION
Bay scallops Argopecten irradians have historically played an important role as both a commercial and recreational fishery along the Atlantic and Gulf of Mexico coasts of North America. However, over the past few decades, decreases in the abundance of scallops throughout this range have been observed. This has been attributed to a number of factors including overfishing, loss of seagrass habitat, diminished water quality, and microalgal blooms (Tettelbach & Wenczel 1993 , Arnold 2001 .
Argopecten irradians is an epibenthic bivalve inhabiting sheltered inshore habitats (<12 m depth), particularly seagrass beds (Thayer & Stuart 1974) . Bay scallops are not sessile like many bivalve species, but the distance over which they travel as adults is limited. They are simultaneous hermaphrodites with a broadcast spawning reproductive strategy, and dispersal and gene flow between populations most likely occur during a 1 to 2 wk planktonic larval stage (Castagna & Duggan 1971) , which provides the potential for substantial genetic exchange between populations. The patchy distribution of this species throughout its range may be the result of barriers to dispersal or the lack of suitable habitat in some geographical regions.
The presence of marked differentiation in morphology among Argopecten irradians from different parts of the geographical range has led to the recognition of 3 subspecies. These include A. i. irradians (Lamarck, ABSTRACT: Declines in populations of bay scallops over the last 3 decades have spurred interest in their conservation and restoration. The development of sound restoration and management strategies requires a clear understanding of the genetic diversity and structure of populations throughout the species' range. In an effort to assess the population genetic structure of bay scallops, we evaluated 6 populations in the western North Atlantic and the Gulf of Mexico using 9 microsatellite markers, 5 of which are presented here for the first time. Results of traditional F-statistics indicate strong population structure between scallops in the Gulf of Mexico and western North Atlantic (F ST ≥ 0.120) and a low level of differentiation between North Atlantic (New York and North Carolina, USA) populations (F ST = 0.035). However, distinct differences in high-frequency alleles at a single locus were largely responsible for the dramatic population genetic structure observed between Gulf and Atlantic populations. Further evaluation of loci by comparing observed data with simulated neutral distributions of F ST indicates that selection is likely acting on the variation at 3 loci, while the variation at the other 6 loci does not deviate from the expectations of neutrality. Results suggest that the genetic structure between populations of bay scallops in the Gulf and Atlantic is affected by both selective pressure and restricted gene flow and that caution should be taken to maintain the native genetic diversity during commercial or restoration-based aquacultural activities. and A. i. amplicostatus (Dall, 1898) , ranging west of Louisiana to Galveston, Texas, and possibly farther south (Fig. 1) . A fourth subspecies specific to the Florida Keys, A. i. taylorae (Petuch, 1987) , was described based on morphological differences, but its status has been questioned due to the results of genetic analysis and a re-evaluation of morphology (Blake & Graves 1995 , Marelli et al. 1997a . The most notable distinctions between subspecies are variation in plicae (ribs), convexity of the left valve, and pigmentation of the right valve. These and other general shape characteristics have been shown to be heritable (Kraeuter et al. 1984 , Adamkewicz & Castagna 1988 , Wilbur & Gaffney 1997 , which suggests some degree of genetic differentiation supporting these subspecies classifications.
The subspecific categorization of Argopecten irradians has been complicated by phylogeographic studies using genetic markers that have revealed contradictory information. While 16S restriction fragment length polymorphism (RFLP) analysis supported the current classification of A. i. concentricus in North Carolina and Florida, and A. i. irradians as a divergent group (Wilbur 1995) , a different study of mtDNA whole genome RFLPs (Blake & Graves 1995) showed less differentiation between Atlantic samples of A. i. concentricus and A. i. irradians than between Atlantic and Gulf A. i. concentricus populations (for a review, see Beaumont 2000) . A possible genetic break between Atlantic and Gulf of Mexico populations of this estuarine species would follow a pattern observed in numerous marine and terrestrial species with ranges in the southeastern United States (Avise 1992) but would contradict the current subspecific classification of A. irradians.
In this study, we investigated the genetic diversity and population structure of this species throughout its range using 9 nuclear microsatellites, 5 of which are reported for the first time here. Microsatellites have become the genetic marker of choice for studies of population genetic structure because they are biparentally inherited, have a high mutation rate, and are presumably selectively neutral, although recent research has called this into question (Nielsen et al. 2006 , Larsson et al. 2007 ). We used the 9 microsatellite markers, traditional F-statistics, and Bayesian clustering analysis to compare 3 populations of Argopecten irradians from Florida in the Gulf of Mexico and 3 populations from the Atlantic (2 in North Carolina and 1 in New York). We predicted that they would show 1 of 3 possible patterns of genetic diversity:
(1) range-wide genetic homogeneity, (2) greater differences between than within subspecies (i.e. Florida and North Carolina scallops are more similar than either is to New York scallops), or (3) divergence between Gulf of Mexico and Atlantic populations (i.e. New York and North Carolina scallops are more similar to each other than to Florida populations). Population genetic structure, as determined by the differentiation of allelic frequencies between populations, can result from genetic drift acting on neutral alleles or from selection on fitnessrelated alleles. Historically, presumed neutral molecular markers (particularly allozymes, mitochondrial DNA, or microsatellites) have been used to infer levels of gene flow among populations, because they should reflect population demography and phylogenetic history more accurately than selected loci (Luikart et al. 2003) . However, studies have revealed that some of these markers may, in fact, not be neutral (Karl & Avise 1992 , Ruiz-Pesini et al. 2004 Nielsen et al. 2006) , and, additionally, that regions of the genome subject to selection may be more useful than neutral ones for determining biologically relevant population structure and conservation units (Vasemägi & Primmer 2005 , André et al. 2010 . Under neutral theory, most allele frequencies in a population will shift randomly by genetic drift and will diverge over time in populations not connected by gene flow. However, when alleles are under selective pressure, either balancing selection, which maintains high allelic diversity, or directional selection, in which specific alleles are favored due to a fitness advantage, allele frequencies in different populations may be more or less differentiated than they would be due to genetic drift. This can result in local adaptation of populations as well as dramatic changes in the frequencies of alleles linked to those under selective pressure (Beaumont 2005) . In studies with the goal of understanding the population dynamics of a species, it is important to test loci for the influence of selection, as population genetic structure based on selection may have different evolutionary and conservation implications than that based on genetic drift (Luikart et al. 2003) . In addition to investigating patterns of genetic diversity, we applied a genome scan analysis to our microsatellite data to detect loci showing a signature of selection.
MATERIALS AND METHODS
Data collection. Genotyping of scallops was conducted using 9 microsatellite loci, including 5 loci (AICL112, AICL115, AICL131, AICL271, and AICL327; Table 1 ) that we developed using a microsatellite enriched DNA library (Glenn & Schable 2005) obtained with the assistance of the Savannah River Ecological Laboratory, and 4 loci (M26, G340, S336, and N391) from Roberts et al. (2005) . The primers for the latter loci were modified from their published sequence by the addition of a 5' pig-tail to promote adenylation and reduce the presence of stutter peaks (Brownstein et al. 1996) . Genotypes were obtained for 3 population samples collected from the Gulf coast of Florida (Steinhatchee in 1998, N = 25; Anclote Estuary in 2001, N = 50; Pine Island Sound in 2001, N = 50) , 2 population samples from North Carolina (collected in 1998 from Bogue Sound, N = 24; and Core Sound, N = 25) , and 1 population sample from New York (collected in 1999 from Sag Harbor, Long Island, N = 47; Fig. 1 ). Adductor muscle was removed and stored at -80°C until extraction. DNA was extracted using a Puregene DNA Purification Kit (Gentra Systems), and PCRs were carried out in 25 µl reactions containing 1× PCR buffer, 1.5 mM MgCl 2 , 2 µM dNTPs (1.2 µM for AICL112 and AICL327), 0.4 µM of each primer (0.2 µM for AICL115 and AICL327), 0.75 to 1 U Taq, and 50 to 100 ng template DNA. Thermal PCR conditions were as follows: 5 min at 94°C, followed by 40 cycles of 30 s at 94°C, 30 s at primer-specific annealing temperature (Table 1) , 60 s at 72°C, and a final extension step at 72°C for 5 min. After confirmation of amplification on agarose gels, PCR products were diluted 1:10 to 1:100 with H 2 O (according to the intensity of the band when electrophoresed through a 2% agarose gel stained with ethidium bromide), and 1 µl diluted PCR product was added to 9 µl Hi-Di:ROX solution (with a ratio of 1000:25) and visualized on an ABI PRISM 3100 Genetic Analyzer (Applied Biosystems). Resulting peaks were analyzed using GeneScan 3.7 and Genotyper 3.7 software (Applied Biosystems). Due to either stutter or presence of an insertion/deletion (indel) causing intermediate peaks in data for locus N391 (a di-nucleotide simple sequence repeat, SSR), we binned alleles as a tetra-nucleotide repeat; this did not affect Hardy-133 Table 1 . Summary information for microsatellite loci. Bracketed primer basepairs identify pig-tails (Brownstein et al. 1996) added to minimize stutter and enhance resolution of genotypes. Size range indicates the observed allele size range in the data. Repeat indicates simple sequence repeat (SSR) motifs observed in the sequenced clone from which the primers were designed. F: forward; R: reverse Data analysis. Collected data were analyzed using the Genetic Analysis in Excel 6 (GenAlEx) add-in (Peakall & Smouse 2006) to determine allelic frequencies in each population. Number of alleles, allelic richness adjusted for sample size (El Mousadik & Petit 1996) , inbreeding coefficient (F IS , Wright 1951), and probability of Hardy-Weinberg disequilibrium (heterozygote deficiency) were calculated in FSTAT 2.9.3 (Goudet 1995) . Linkage disequilibrium was assessed for each population in GENEPOP 4.0 (Raymond & Rousset 1995) . Hardy-Weinberg disequilibrium and linkage disequilibrium were assessed against an alphalevel of 0.05 adjusted with a sequential Bonferroni procedure (Rice 1989) . For linkage disequilibrium, the correction was conducted over all tests within each population (number of tests simultaneously carried out = k = 36, smallest adjusted α/k = 0.0014); for HardyWeinberg disequilibrium, the correction was conducted by locus (k = 6, smallest adjusted α/k = 0.0083).
Pairwise F ST (Infinite Alleles Model, Wright 1951) between all populations was calculated for all loci and for putative selectively neutral loci using FSTAT, and significance was determined with 15 000 simulations. Based on the absence of significant population genetic structure among Florida populations or between North Carolina populations, these samples were collapsed into a regional Florida sample and a regional North Carolina sample for subsequent analyses. Global and pairwise estimators of population differentiation F ST (θ, Weir & Cockerham 1984) and R ST (Stepwise Mutation Model, Slatkin 1995) (ρ, Rousset 1996 as estimated by Michalakis & Excoffier 1996) were calculated in GENEPOP for each locus individually and all loci together for 3 regional populations (Florida, North Carolina, and New York).
The application LOSITAN (Antao et al. 2008 ) was employed to run the FDIST 2 program (Beaumont & Nichols 1996) , which identifies loci under selection using the F ST outlier method. This method uses observed data to generate an expected distribution of F ST versus heterozygosity and identifies loci that fall outside of a chosen confidence interval as candidates for selection. This program is based upon the LewontinKrakauer test (Lewontin & Krakauer 1973, and see Beaumont 2005) , formulated on the idea that genetic structure among populations should be reflected to a similar degree by all selectively neutral loci, whereas loci under directional selection (or linked to loci under selection) should exhibit significantly greater differentiation, and those loci under balancing selection should exhibit less differentiation than expected. Pairwise tests were conducted for both the infinite alleles model (IAM, Kimura & Crow 1964) and the stepwise mutation model (SMM, Kimura & Otha 1978) using 50 000 realizations, the 'neutral mean F ST ' option, and both the 99% and 95% confidence intervals (CI). Using the neutral F ST approximation, any locus identified as an outlier is removed and the test is then rerun. Presence of outlying loci in the analysis causes a bias in the mean and variance of F ST values resulting in a failure to identify less extreme outliers as candidates for selection. By removing the extreme outliers and recalculating mean F ST values, additional candidate loci can be identified.
Bayesian clustering of individuals was conducted using STRUCTURE 2.0 (Pritchard et al. 2000) . This method groups individuals into the number of clusters selected by the user so as to minimize linkage disequilibrium and Hardy-Weinberg disequilibrium within each cluster. STRUCTURE then calculates a posterior probability, P(X|K), of the observed genotype data (X) given the number of clusters (K) and calculates a membership coefficient (Q) for each individual to each of the constructed clusters. We used a burn-in period of 50 000 with a run time of 100 000, an admixture model, putative population information not included, and correlated allele frequencies. The program was run for a range of clusters (K) from 1 to 6, and 5 replicates were run for each value of K to verify consistency of the results. The posterior probability values were used to determine the number of clusters that most accurately fit and reflect the data. The program was run for 3 different sets of data based upon the results of the neutrality tests: (1) all loci, (2) 'selected' loci (those with significantly greater than average F ST values) between Atlantic and Gulf of Mexico populations (AICL327 and N391), and (3) all 'selectively neutral' loci (those loci with no evidence of selection acting on their alleles: AICL112, AICL115, AICL131, AICL271, G340, and S336).
RESULTS

Population structure
Following sequential Bonferroni corrections, a significant heterozygote deficiency was observed for 1 locus, AICL115, in Steinhatchee (Table 2) . No cases of linkage disequilibrium were significant. No significant genetic differentiation was observed among the 3 Florida populations (Table 3) or between North Carolina populations (all loci F ST = 0.004). All other pairwise comparisons among populations showed significant differences, regardless of whether all loci or only 'selectively neutral' loci were included in the analysis (Table 3 ). All samples from Florida and all samples from North Carolina were collapsed into 2 regional populations for additional analyses. Florida, North Carolina, and New York regional populations were used to evaluate population genetic structure between the Gulf of Mexico and the Atlantic.
F ST and R ST estimates of regional population differentiation across all loci indicated differences among the 3 regions. However, there was a discrepancy between these 2 measures of differentiation (Table 4 ). Based on estimates of F ST , North Carolina and New York scallops (F ST = 0.035) were less differentiated than either was relative to scallops from the Gulf of Mexico (F ST ≥ 0.120). Results of R ST , however, indicated a similar level of divergence between Florida and New York scallops (0.061) and North Carolina and New York scallops (0.057), while divergence between Florida and North Carolina scallops was much higher (0.158). F ST is based on the IAM (Kimura & Crow 1964) , while R ST is based on the SMM (Kimura & Otha 1978) , which is expected to reflect the mutation pattern of microsatellites. Under the SMM, alleles that are closer in size share a closer ancestry than those alleles separated by a large size difference.
The discrepancy between R ST and F ST can be understood by looking at the allele frequencies at locus AICL327 (Fig. 2) . North Carolina and New York shared the same 2 high-frequency alleles, 86 basepairs (bp) and 102 bp, while Florida was dominated by the high frequency of the 98 bp allele. As a result, F ST for the comparison of New York versus North Carolina was much smaller than for either Atlantic population relative to Florida (Table 3) Fig. 2 ). F ST values indicated similarities between New York and North Carolina scallops for 5 loci (AICL112, AICL271, AICL327, N391, and S336), similarity between Florida and New York scallops for 3 loci (AICL115, AICL131, G340), and similarity between Florida and North Carolina scallops for 1 locus (M26). Locus AICL327 revealed the greatest population structure, largely due to the near-fixation of the 98 bp allele in Florida scallops, which was absent in North Carolina scallops and represented by only a single occurrence in New York scallops. Furthermore, in both the North Carolina and New York populations, the same 2 alleles, 86 and 102 bp, were most frequent but occurred at low frequencies (0.07 and 0.01, respectively) in the Florida population. Despite the relative similarity between North Carolina and New York scallops at locus AICL327, the F ST value (0.169) was still highly significant.
Allele frequencies at other loci provide further evidence of population structure. The distribution of allele frequencies at locus N391 was also distinct, as the 249 bp allele occurred at similarly high frequencies in North Carolina (0.48) and New York (0.52) scallops and at a frequency of only 0.10 in Florida scallops. Looking at locus AICL112, the 198 bp allele was the most frequent allele in Florida scallops (frequency of 0.22), but was almost absent in North Carolina scallops (frequency of 0.02) and was not found in New York scallops. Further similarities occur in the distribution of low-frequency, larger alleles in the North Carolina and New York populations, in contrast to frequencies observed in the Florida population.
Tests of neutrality
Results for the IAM and SMM runs were comparable. In all pairwise population comparisons, the F ST values for AICL327 were dramatically higher than the F ST values for all other loci (Table 4) . Tests of neutrality implicate this locus as a candidate for selection in all pairwise comparisons among regional populations, falling outside the 99% CI for selectively neutral loci in all 3 cases (Fig. 3) . In addition, locus N391 fell outside the 99% CI for the Florida/New York comparison (Fig. 3A) and the 95% CI for the Florida/North Carolina comparison (Fig. 3B) . In the New York/North Carolina comparison, locus M26 revealed marginal significance, falling outside the 95% CI (Fig. 3C) . The other 6 loci appeared to fall within the range of neutral differentiation expected for selectively neutral loci based on genetic drift. 
Bayesian cluster analysis
The results of the neutrality tests were used to group loci for the 3 different analyses in STRUCTURE (see 'Materials and methods'). Analysis based on all loci revealed 2 distinct clusters dividing the Gulf and Atlantic regions: one for individuals originating in Florida and a second for those originating in New York and North Carolina (Fig. 4A) . Classification of the data as 2 groups (K = 2) resulted in high probability of membership values for each population to either Gulf or Atlantic cluster (mean Q > 0.95), indicating a strong ability to discriminate between individuals from these 2 regions. The log likelihood values were similar for K = 2 and K = 3; however, these data analyzed for 3 groups greatly decreased the probability of membership (Q) values. For interpretation of the data, we followed the recommendation of Pritchard & Wen (2004) in choosing 'the smallest value of K that captures the majority of the data.' When the 2 loci (AICL327 and N391), which are candidates for selection between the Gulf and Atlantic, were applied to the analysis, results were very similar, with high ability to discriminate between these regions (Fig. 4B, mean Q > 0.94) . The final scenario using only 'selectively neutral' loci (without AICL327, N931, and M26) revealed low ability to discriminate between scallops originating in Atlantic or Gulf regions (mean Q = 0.50 to 0.77 when K = 2; Fig. 4C ). For this final analysis, the posterior probability for the observed data set was higher for K = 1 and K = 3 than for K = 2, but probability of membership values remained low (mean Q = 0.69 to 0.72 when K = 3; data not shown).
DISCUSSION
Similarity among populations within regions
For many marine species, a pelagic larval stage provides the potential to travel over great distances and homogenize the gene pools of geographically distinct populations; however, recent studies have shown or predicted that local recruitment often dominates over longdistance dispersal (Cowen et al. 2000 , Taylor & Hellberg 2003 . Based on recruitment patterns, Arnold et al. (1998) found that populations of Argopecten irradians along the Gulf coast of Florida, from Anclote to Steinhatchee, are unlikely to share a large number of migrants. Similarly, 2 studies (Peterson & Summerson 1992 , Peterson et al. 1996 found predominantly localized recruitment of A. irradians in North Carolina. Isolation of North Carolina populations in Bogue and Back Sounds was corroborated by mtDNA evidence showing significant population genetic structure (AMOVA index Φ CT = 0.0145) between those basins (Marko & Barr 2007) . Our analyses do not support isolation of populations within regions, as our 9 micro- satellites indicated little to no population genetic structure among the 3 A. irradians populations in the Gulf of Mexico or between the 2 North Carolina populations sampled. It is likely that the 2-fold lower effective population size of mtDNA relative to nuclear DNA in hermaphrodites may be responsible for this discrepancy, since the rate of genetic drift acting on allele frequencies should be greater for mtDNA than for nDNA. However, a direct comparison using microsatellites to evaluate scallops between Bogue and Back Sounds would be necessary to understand the dynamics of these 2 populations, which showed significant differentiation at the mtDNA locus.
Population genetic structure between the Gulf of Mexico and the Atlantic
Highly significant genetic differences were observed in each of the comparisons between samples in the Gulf of Mexico and Atlantic, as well as significant, but less dramatic genetic differentiation between North Carolina and New York. This finding supports the mtDNA data of Blake & Graves (1995) and allows us to reject the hypothesis of range-wide genetic homogeneity in this species. Furthermore, our data do not support the current subspecies classification of Argopecten irradians. While morphological data group Florida and North Carolina populations together as A. i. concentricus and populations from Maryland and New Jersey to Cape Cod as A. i. irradians (Beaumont 2000 , Blake & Shumway 2006 , microsatellite data indicate greater genetic divergence between the 2 sampled populations of A. i. concentricus than between the 2 Atlantic populations.
The observation of a genetic break in microsatellite variation between Gulf of Mexico and Atlantic populations is consistent with a pattern of divergence in the mitochondrial lineages of numerous species (Avise 1992) , including marine and coastal terrestrial animals with very different life history characteristics. The similarity of these genetic breaks along the east coast of Florida could reflect either current restricted gene flow between populations north and south of this boundary or historical vicariance with relatively recent secondary contact. The latter explanation is related to the geographic history of the southeastern US, which has undergone dramatic alterations in landscape with episodes of sea level rise and fall during the Pleistocene. Specifically, changes in the size and shape of the Florida peninsula have alternately caused expansion and contraction of coastal habitats such as estuaries and salt marshes (Avise 1992) . Additional temperature changes associated with global warming and cooling would have shifted the ranges of tropical and temperate adapted organisms, at times turning the Florida peninsula into a geographic barrier preventing dispersal of organisms adapted to cooler climates. Contemporary isolation of Gulf of Mexico and Atlantic bay scallops may be maintained by the absence of preferred seagrass habitat along the Atlantic coast of Florida, or by the ocean circulation patterns in the Gulf of Mexico and Florida Straights, particularly eddies that can entrain larvae and prevent migration. However, the extreme differences in the magnitude of structure among loci in the present study suggest the presence of additional factors influencing differentiation, such as selection. 
Genetic drift versus selection
Given geographic isolation of populations, frequencies of neutral alleles should shift within populations as a result of genetic drift. Due to the randomness of genetic drift and variation in mutation rates among loci, some alleles will be affected more rapidly by drift than others. A representative sampling of loci will provide a distribution of the variation in neutral genetic divergence between populations. Loci falling far outside of this distribution, in terms of F ST versus heterozygosity, are candidates for being under selective pressure or genetic hitchhiking with a locus under selection (Lewontin & Krakauer 1973 , Maynard Smith & Haigh 1974 , Beaumont & Nichols 1996 . While microsatellites have been considered selectively neutral markers for population genetic studies, recent examples have revealed that this is often not the case. Selection and selective sweeps have been implicated in inflating F ST estimates in Atlantic cod (Nielsen et al. 2006 ) and herring (Larsson et al. 2007 ). Three of the microsatellite loci evaluated here were identified as potential markers of selective differentiation: 2 loci (AICL327 and N391) between the Atlantic and the Gulf of Mexico, and 2 loci (AICL327 and M26) between New York and North Carolina.
While this is not the first study to use a limited number of microsatellite markers to identify selection (Nielsen et al. 2006 , Larsson et al. 2007 , and it is important in studies of population genetic structure to test for the influence of selection, we remain cautious in concluding that the 2 marginally outlying loci (N391 and M26) are candidates for selection with using only 9 markers as a reference. A dataset including 10-fold or 100-fold as many loci would provide a much more robust neutral distribution of F ST versus heterozygosity, but this is prohibitively expensive for the current study with this non-model organism. However, the F ST values across all pairwise comparisons for locus AICL 327 were so high that the locus would remain an outlier unless the distribution of F ST values for the other loci shifted dramatically. Thus, this locus is the strongest candidate for selection.
While AICL327 and N391 indicated a potential role of divergent selection in the genetic differentiation between Gulf and Atlantic populations, all of the 'selectively neutral' loci also indicated significant population genetic structure. Selection may be driving the dramatic genetic differences between these regions, but significant genetic differentiation due to genetic drift still reflects a barrier to gene flow between Gulf and Atlantic populations. Despite the frequently observed genetic break between the Gulf of Mexico and Atlantic for many species, this has not previously been attributed to divergent selection. A genomic scan of eastern oyster Crassostrea virginica population genetic structure between the Atlantic and Gulf of Mexico using amplified fragment length polymorphisms (AFLPs) found 3 loci potentially under selective pressure (Murray & Hare 2006) ; however, these did not remain significant candidates for selection after correcting for multiple tests.
Population structure between Atlantic populations
In addition to notable genetic distinctions between Gulf of Mexico and Atlantic bay scallop populations, 3 loci (AICL327, M26, and S336) suggest population genetic differentiation between New York and North Carolina scallops. However, Bayesian clustering did not clearly distinguish between these 2 Atlantic samples, and F ST values for most loci support the little genetic separation between New York and North Carolina. Of the 3 loci that do indicate structure between these 2 populations, 2 are potentially influenced by selection.
Recent work by Campanella et al. (2007) used 8 microsatellite loci (including 4 of the same markers used in our study: M26, G340, N391, and S336) to evaluate the origin of a recently repopulated scallop population in New Jersey. They were able to distinguish between the 2 potential source populations, North Carolina and Long Island, New York, due to private alleles at loci S336, M26, and C1832 (not included in our study) in North Carolina. More genetic similarity was observed between New Jersey and New York than North Carolina, in contrast to the results of an mtDNA RFLP study conducted for the same geographic areas in 1998 (Bologna et al. 2001) . It has therefore been proposed that stocks of bay scallops in New Jersey are being naturally supplemented with larval transport from Long Island populations, and that this represents a shift from recruitment from North Carolina populations. However, at least one of these microsatellite loci (M26) may be affected by selection or genetic hitchhiking, potentially making it a nonneutral marker for evaluating gene flow. Currents may facilitate larval exchange between North Carolina and New York populations, perhaps through intermediate populations, while selective pressure due to differences at these locations may maintain differences in allele frequencies at certain loci. Further evaluation of these markers with additional loci will be necessary to determine whether they are acting neutrally and can be used to draw conclusions regarding recruitment.
Implications and further research
Discrepancy between patterns observed for different loci in this species indicate the need to use a diversity of genetic markers in studies of population structure, as well as the importance of testing the loci for signatures of selection. Further analysis of genetic structure among these populations using additional microsatellite markers and over a number of years will provide a more accurate indication of the distribution of F ST at neutral markers and the temporal stability of allele frequencies. In addition, a more continuous sampling of populations at intermediate geographic locations would indicate whether the genetic break between Atlantic and Gulf populations occurs over a localized area, or over a cline of shifting allele frequencies, although, due to the absence of scallops along the southeastern US, the potential for such an analysis is limited.
The microsatellite loci designed by Roberts et al. (2005) and used in this study were obtained from an expressed sequence tag (EST) database, and are therefore in coding regions of DNA. Those designed by us for the purpose of this study were obtained through cloning of a microsatellite-enriched genomic DNA library, which can include loci in either coding or non-coding regions of DNA. We conducted a BLAST search in the NCBI database (http://blast.ncbi.nlm.nih. gov/Blast.cgi) to determine if any of the 5 novel loci used for this study could be matched to any known sequence. It is significant that the clone sequence used to design primers for locus AICL327 was found to be similar to an EST sequence (ID: CK484191.1; Expectation (E-value) = 1 × 10 -90 ), identified as bay scallop veliger larvae mRNA. This sequence did not include the microsatellite repeat and did not match any known proteins in the NCBI database. Because AICL327 includes a tetra-nucleotide repeat, it is unlikely to be in an expressed region itself, but it is possible that it is 'hitchhiking' with a closely linked locus under selection. Investigation of the functionality of this associated EST gene, as well as genes in proximity to N391 and M26, is a possibility for further study.
With regard to current aquacultural activities involving Argopecten irradians, our results provide substantial evidence of strong allele frequency shifts along the range of this species, implicating either restricted gene flow between populations or selection acting on expressed genes, or both. The genetic structure observed between populations thought to represent a single subspecies indicates that caution should be taken in performing any transfer of animals between regions. Particularly if selection is acting to remove alleles from the population, transplant activities may introduce less fit individuals into recipient populations. 
